Co 3 O 4 /CoF 2 ·4H 2 O/graphene composites and Co 3 O 4 /graphene composites are synthesized by a facile microwave-assisted hydrothermal synthesis, followed by calcining at 350 ℃. The synthesized composites are characterized by X-ray diffraction, and scanning electron microscopy. Electrochemical property of the prepared composites is measured by cyclic voltammetry and galvanostatic chargedischarge. Results show that Co 3 O 4 /CoF 2 ·4H 2 O/graphene composites exhibit better specific capacitance and retention ratio of initial specific capacitance when compared with Co 3 O 4 /graphene composites. Particularly, Co 3 O 4 /CoF 2 ·4H 2 O/graphene composites prepared using CoSO 4 ·7H 2 O as material exhibit the highest specific capacitance at various current densities, retention ratio of the specific capacitance at the current density ranging from 1 to 4 A g -1 and retention ratio of initial specific capacitance after 1000 cycles, indicating excellent rate capability and cycling stability. These characteristics demonstrate that Co 3 O 4 /CoF 2 ·4H 2 O/graphene composites prepared using CoSO 4 ·7H 2 O as material possess a great potential application in supercapacitors.
INTRODUCTION
Recently, supercapacitors in virtue of high power density, rapid charge-discharge capability, and excellent long cycle performance, have been receiving more and more attention. The properties of supercapacitors are mostly decided by the characteristics of electrode materials. Therefore, there are increasing literatures about electrode materials applied as supercapacitors. Electrode materials including but not limited to carbon materials [1] [2] [3] , transition metal oxides [4] [5] [6] [7] [8] [9] , transition metal sulfides [10, 11] , conducting polymers [12, 13] and their composites [14] [15] [16] have been used in supercapacitors. Co 3 O 4 as transition metal oxides, due to its high redox activity, low cost, environmental safety and ultrahigh theoretical specific capacitance (3560 F g -1 ) , is a promising electrode material as supercapacitors. Xiao et al. synthesized 3D hierarchical Co 3 O 4 twin-spheres, which exhibits a specific capacitance of 781 F g -1 at 0.5 A g -1 [17] . Co 3 O 4 thin film prepared by a chemical bath deposition method delivers a high specific capacitance of 227 F g -1 at 0.2 A g -1 [4] .
However, Co 3 O 4 investigated above possesses the limited capacitance, which is much less than its theoretical specific capacitance. This is because of its low electron conductivity and poor durability in the charge-discharge processes. To overcome these problems, an efficient strategy is introduce carbon materials in Co 3 O 4 . Graphene, as carbon materials, has been widely used in supercapacitors due to its excellent electronic conductivity, outstanding mechanical flexibility and large surface area [18, 19] 
Materials Characterization
The structure of as-obtained products was investigated by X-ray diffraction (XRD, Bruker, D8-Advance). The morphology of as-obtained products was observed by scanning electron microscopy (Hitachi SU8000).
Electrochemical measurements
Electrochemical studies of the as-prepared electrodes were evaluated by cyclic voltammetry (CV), and galvanostatic charge-discharge. All electrochemical measurements were performed on a CHI 660D electrochemical workstation with a three-electrode cell at room temperature. 2 M KOH solution was used as the electrolyte. The working electrode was fabricated as follows. 80 wt % of the as-prepared composites as active material, 15 wt % of acetylene black as conductive agent, and 5 wt % poly(tetrafluoroethylene) as binder were first mixed to form a slurry. Then, the slurry was pasted on a nickel foam substrate (1 cm × 1 cm) with a spatula and dried naturally. Finally, the electrode was pressed at 10 Mpa and dried at 110 ℃ for 12 h under vacuum. A Pt plate and a saturated calomel electrode (SCE) were used as the counter and reference electrodes, respectively. However, the peak width at half maxima intensity in curves 1b is larger than that in curves 1c, except for characteristic peak of graphene. According to Scherrer formula [24] [29] . Among three electrodes, the peak current density and enclosed area of the CV curves gradually increase with increasing scan rate. Moreover, the anodic peak potential shifts to higher value and the cathodic peak potential shifts to lower value when increasing scan rate, respectively. This can be due to the polarization effect of the electrode. caused by Faradaic reactions, which substantiates the results of the CV curves. The specific capacitance of the electrode can be calculated from the discharge curves according to the following equation [28, [30] [31] [32] [33] .
RESULTS AND DISCUSSION
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where C sp is the specific capacitance (F g -1 ), I indicates the discharge current (A), t represents the discharge time (s), V stands for the potential change during discharge, m is the mass of active material, respectively. 
CONCLUSIONS
A microwave-assisted hydrothermal has been successfully developed for the synthesis of 
